ABSTRACT: Canopy-forming macroalgae of the genus Cystoseira are being lost in several areas of the Mediterranean Sea. Cystoseira amentacea var. stricta and C. compressa are common species in the Ligurian Sea; they are distributed in patches, but their abundance and distribution is locally variable. We investigated changes in relative cover, biomass and morphology of Cystoseira amentacea var. stricta and C. compressa with increasing urbanisation, and effects of the presence or absence of Cystoseira species on the composition and structure of understorey assemblages. C. amentacea var. stricta habitats were lost close to urban areas, while C. compressa slightly increased. The morphological characteristics of these 2 species were very variable in space and time, and did not vary with urbanisation. Assemblages lacking canopy differed markedly from Cystoseira-dominated assemblages, particularly assemblages dominated by Corallina elongata, the species most responsive to changes in habitat structure and urbanisation, which forms dense turfs in urban habitats lacking canopies. Marked species-specific differences between the assemblages dominated by the 2 Cystoseira species were detected. C. amentacea var. stricta is a key species maintaining habitat complexity and species diversity in Mediterranean rocky shores and we recommend additional conservation actions, such as habitat restoration by transplantation of this endangered species.
INTRODUCTION
Canopy-forming brown algae, in particular Fucales and Laminariales, are habitat formers on understorey assemblages, modifying physical and biological factors (Reed & Foster 1984 , Ballesteros et al. 1998 , Jenkins et al. 1999a ,b, Bulleri et al. 2002 and leading to biological habitat amelioration (sensu Moore et al. 2007 ), but their loss is reported worldwide (Steneck et al. 2002 , Airoldi & Beck 2007 .
The genus Cystoseira (Fucales) is represented by 45 species (Guiry & Guiry 2007) , most of them endemic to the Mediterranean Sea (Barceló et al. 2000) . They represent the highest level of Mediterranean seaweed complexity, are long-lived (Clayton 1990 , Ballesteros et al. 2002 , can reach high biomass values (Ballesteros 1989) , and dominate in several communities (Giaccone & Bruni 1973) ; therefore they are generally considered the 'Mediterranean kelps. ' Loss of low shore Cystoseira assemblages in the Mediterranean Sea has been shown in a large number of studies (for a short review see Thibaut et al. 2005) . Species of Cystoseira seem to be sensitive to a variety of environmental stressors, as a consequence of which, they are now used in ecological status assessment (sensu Water Framework Directive 2000/60/EU, Ballesteros et al. 2007 ). The ecological consequences of the loss of Cystoseira species on understorey assemblages, however, are little known.
In the Ligurian Sea (NW Mediterranean), Cystoseira amentacea var. stricta, (hereafter C. amentacea) and C. compressa form non-continuous belts at low shore level. They are patchily distributed, with the upper limit of C. compressa distribution generally occurring above that of C. amentacea var. stricta, but their relative abundance and distribution are locally variable, due to erratic recruitment and interactions of abiotic and biotic factors at different spatial scales (BenedettiCecchi et al. 1996 (BenedettiCecchi et al. , 2000 . C. amentacea, endemic to the Mediterranean Sea, is very sensitive to changes in water quality (Pinedo et al. 2007 , and references therein), while C. compressa shows a wider distribution (present also in the Atlantic Ocean) and seems to be more tolerant. It has been suggested that one of the first noticeable effects of urban wastewater pollution is the replacement of C. amentacea var. stricta by C. compressa (Giaccone 1993) ; along the Albères coast, Thibaut et al. (2005) recorded the loss of all Cystoseira spp. (including C. mediterranea, vicariant of C. amentacea) , except for C. compressa. The replacement of C. amentacea by C. compressa has also been observed following large-scale experimental removals of Cystoseira canopies (mostly C. amentacea) by Benedetti-Cecchi et al. (2001) .
Coastal development in Europe is among the major drivers of the loss of complex macroalgal beds, mainly due to the degradation of water quality (Airoldi & Beck 2007) . The Ligurian Sea coastline has been historically very urbanised, which has led to severe modifications of natural rocky coastline, as well as pollution, local eutrophication, and increased water turbidity. Urbanisation increases towards Genova city; which is reflected by gradients in water column characteristics (in particular an increase of nutrients and faecal bacteria, Mangialajo et al. 2007 ), but knowledge of the effects of urbanisation on canopy-forming macroalgae and associated species is limited. The aim of this study was to test whether the relative cover, biomass and morphology of Cystoseira amentacea and C. compressa changed along a gradient of urbanisation of the coastline, and whether the composition and structure of understorey assemblages differed in relation to the presence or absence of C. amentacea and C. compressa, taking into account any such differences along the same gradient of urbanisation.
MATERIALS AND METHODS

Sampling.
The study was performed in a microtidal environment (tidal amplitude around 30 cm) in the typical Mediterranean infralittoral fringe (Pérès & Picard 1964) . Three sections of shoreline about 1.5 to 2 km long, characterised by the presence of both Cystoseira amentacea and C. compressa, were selected along an increasing gradient of inhabitant density and distance from the city of Genova (Fig. 1) , as in : Genova Quarto (highly urbanised, HU), Bogliasco (moderately urbanised, MU) and Portofino (scarcely urbanised, SU). All sections have natural carbonatic rocky bottoms (limestone in HU and MU, pudding stone in SU) and similar geographical exposition, fetch and exposure to wave action. Within each section, we chose at random 3 sites about 300 to 500 m long and hundreds of meters apart, and for each site we considered 3 types of habitats: (1) C. amentacea, (2) C. compressa, (3) absence of fucoid algae. Percentage cover of C. amentacea and C. compressa was estimated along 10 independent 20 m transects at each site in May 2004 by quantifying the proportion of coastline covered by dense clumps of either C. amentacea or C. compressa, or lacking fucoids. Biomass and morphological features of Cystoseira amentacea and C. compressa were quantified in patches where populations showed high densities (canopy cover between 80 and 100%). In order to limit disturbance to these endangered species, primary axes were cut near the holdfast in 3 replicate 400 cm 2 plots for each site. The surface covered by holdfasts was visually quantified in situ, while lengths of 10 randomly chosen axes and primary branches were measured in the laboratory. Biomass was calculated as dry weight (after 48 h at 70°C). To avoid overweight due to epiphytes (mostly articulated Corallinales), branches and axes were roughly cleaned with a pair of tweezers, slightly centrifuged and treated with hydrochloric acid (4%) for 60 min. The composition of understorey assemblages in each habitat was analysed by sampling three 400 cm 2 plots at each site. Percentage cover of understorey species was visually estimated by using a frame with twentyfive 4 × 4 cm subquadrats (Meese & Tomich 1992 , Dethier et al. 1993 after the removal of canopies of Cystoseira. Mobile animals (except limpets) were not considered. When the identification to the species level was not possible in situ, specimens were collected and identified in the laboratory; in order to reduce the sampling effort, some organisms were grouped in taxonomic or morphological groups, hereafter called taxa.
Due to the high seasonal variability of biomass of fucoids and associated algal diversity, the studies of biomass, morphological features, and structure of assemblages were conducted twice, in spring (May 2004) , when biomass and algal diversity are highest, and in autumn (October 2004) , at the beginning of the Cystoseira resting period.
Data analysis. The full models (including the factor Time) in both univariate and multivariate analyses would have not provided the correct denominators to test the effects of Habitat and Urbanisation, and of their interaction. In order to avoid complicated pooling procedures, we chose to analyse the 2 sampling times separately, because temporal variability is not specifically addressed in our hypotheses.
For the univariate analyses on biomass and holdfast cover, for each sampling time the ANOVA model included 2 factors: Urbanisation (fixed, orthogonal) and Site (random, nested in Urbanisation). Analyses on axis and branch lengths included the additional factor, Plot (random, nested in Site).
Changes in the composition of understorey assemblages were tested by multivariate analyses. For each sampling time, the model included 3 factors: Habitat (fixed, orthogonal), Urbanisation (fixed, orthogonal) and Site (random, nested in Urbanisation). Differences among assemblages were tested by non-parametric ANOVA (PERMANOVA, Anderson 2001) on a Bray-Curtis similarity matrix calculated on squareroot transformed data. PERMANOVA p values were obtained from Monte Carlo asymptotic-permutation distributions (Anderson & Millar 2004) . The relative importance of each factor in the analysis was assessed using estimates of the magnitude of effect sizes of fixed factors, based on mean squares of the full model (Underwood 1997 , Anderson & Millar 2004 , expressed as the ratio among the effect size of each fixed factor (θ 2 i ) and the sum of the effect sizes of all fixed factors and their interactions. In our case, the factor magnitude was expressed by the formula θ Multivariate patterns of distribution were plotted using a principal coordinates analysis (PCO, Anderson 2003) on Site centroids, while SIMPER analysis was performed to identify the species most responsible for the differences between the 3 habitats. Species diversity was estimated as log 2 based Shannon-Wiener diversity index (H', Shannon & Weaver 1949) and ANOVA was applied to test for significant effects of Habitat and Urbanisation. All the multivariate analyses were performed using PRIMER software (Clarke & Gorley 2006) .
RESULTS
Percentage cover of habitats dominated by Cystoseira amentacea or C. compressa and habitats lacking fucoids at the 3 shores along the urbanisation gradient are reported in Fig. 2 . Percentage of cover by C. amentacea decreased along the urbanisation gradient from nearly 50% at SU to less than 10% at HU, while percentage of cover by C. compressa showed the opposite trend, increasing from less than 10% cover at SU to about 20% at HU. Percentage of habitats lacking fucoids was high all along the urbanisation gradient, exceeding 70% of rocky bottoms at HU.
While overall canopy cover changed notably along the urbanisation gradient, the biomass or morphological characteristics of the 2 species of Cystoseira within each habitat did not seem to vary as much (Fig. 3 , Table 1 ). The only exception was axis length of C. compressa, which significantly increased from SU to HU in both May and October. Also in October, length of branches of C. compressa increased slightly but significantly from SU to HU; this pattern was not observed in May (Table 1, scales (Site and Plot, respectively) and between the 2 sampling times. In May, C. amentacea showed longer branches and axes, and higher holdfast cover (and consequently, higher biomass) than C. compressa, while in October there were smaller differences between the 2 species, especially for branch length and biomass. Overall, 83 taxa were visually sampled in the 3 assemblages; they were grouped in 52 variables for the data analysis (Table 2) . PERMANOVA (Table 3) showed significant differences in the structure of understorey assemblages as a function of both Habitat and Urbanisation. In May, an interaction between these 2 terms was recorded, showing that the structure of the understorey assemblage always differed significantly between habitats dominated by any Cystoseira spp. and habitats lacking canopies, while differences between the 2 canopies of Cystoseira were significant only at MU (Table 4 ). The structure of understorey assemblages in habitats dominated by either of the 2 Cystoseira species was always significantly different among the 3 levels of urbanisation, while in habitats lacking canopies, it was more homogeneous (Table 4) . In October a strong urbanisation effect was recorded, while the effects of habitat varied among sites; nevertheless, at all sites, the strongest differences were always found between habitats dominated by C. amentacea and habitats lacking fucoids (Table 5) . C. compressa habitat seemed to represent an intermediate state, being in some cases not significantly different from the C. amentacea habitat and in other cases not significantly different from habitat lacking fucoids. The relative magnitude of the 2 main fixed factors (Habitat and Urbanisation) at both sampling times highlighted the larger effect of Habitat (0.52 in May and 0.66 in October) in affecting variability in the understorey assemblages. Urbanisation effect was lower at both sampling times (0.31 in May and 0.28 in October) and the interaction between the 2 factors had the lowest weight (0.18 in May and 0.06 in October).
The relevance of the 2 factors is portrayed by PCO of site centroids (Fig. 4) . The species that mostly drove the distribution of points along this axis was Corallina elongata (together with Hypnea musciformis in October), which was associated with habitats devoid of fucoids in HU. In contrast, invertebrates, encrusting corallinales and other light-sensitive algae (e.g. Valonia utricolaris and Pterocladiella capillacea) were associated to Cystoseira amentacea habitats, especially in SU. The second axis was mostly driven by photophilic algae, including species belonging to the genus Dictyota and to the Laurencia complex, which were associated with habitats lacking fucoids in SU. The SIMPER analysis (Table 6 ) highlighted that Corallina elongata was the species mostly contributing to discrimination among the different habitats and urbanisation levels. Also, thin, articulated and encrusting corallinales, Hypnea musciformis, mussels, barnacles and vermetids contributed to among group dissimilarity.
The abundances of Corallina elongata and of invertebrates are reported in Fig. 5 and the corresponding ANOVA in Table 7 . At both sampling times, Corallina elongata increased from SU to HU, while invertebrates showed the opposite pattern, particularly in May. Corallina elongata was by far the most abundant species in habitats lacking fucoids (reaching > 90% of cover at HU in May) and its abundance significantly decreased in habitats of Cystoseira compressa and even more in habitats of Cystoseira amentacea, where it reached values near 5% at SU (Fig. 5 ). Invertebrates were inversely affected by habitat, being most abundant in habitats of Cystoseira amentacea and significantly decreasing in habitats of Cystoseira compressa and even more in habitats lacking fucoids. In May, invertebrates decreased linearly from SU to HU, while in October, although always significantly less abundant at HU, invertebrates were more abundant at MU than SU (Fig. 5 ). This pattern was mostly driven by mussels (SU: 3.5% ± 1.3; MU: 6.9% ± 2.1; HU: 2.8% ± 0.9). Overall diversity of understorey assemblages decreased significantly as a function of both Urbanisation (maximal diversity at SU, minimal at HU) and Habitat (maximal diversity in habitats of C. amentacea, minimal in habitats lacking canopies, Fig. 6 ). In May (period of maximum algal development in the Mediterranean Sea), there was an interaction between the 2 factors (Table 8) , which can be explained by lack of differences between the 2 Cystoseira habitats at SU.
DISCUSSION
Several factors have been suggested to trigger the loss of large brown algae, including urbanisation and eutrophication (Munda 1993 , Benedetti-Cecchi et al. 2001 , Soltan et al. 2001 , increase in water turbidity and sedimentation (Vogt & Schramm 1991 , Eriksson et al. 2002 , Airoldi 2003 , Schiel et al. 2006 , overgrazing (Jenkins et al. 1999a ,b, Benedetti-Cecchi et al. 2000 , Steneck et al. 2002 , Thibaut et al. 2005 , Hereu 2006 ) and climate change (Serio et al. 2006 , Moore et al. 2007 . While this study is correlative and therefore cannot reveal cause-effect relationships, urbanisation remains the most plausible explanation for the observed patterns, highlighting that some Cystoseira spp. are more sensitive than others to coastal urbanisation. Our results indicate that C. This species was included in the group Filamentous chlorophyta because only its filamentous form was found in the samples Fig. 4 . PCO of site centroids. Abbreviations for urbanisation levels as in Fig. 2 . Cystoseira amentacea habitats = CA; C. compressa habitats = CC; habitats lacking fucoids = NC. Other abbreviations: see Table 2 amentacea habitats were lost close to urban areas, in agreement with previous observations (Thibaut et al. 2005 , Arèvalo et al. 2007 and references therein), while C. compressa slightly increased, as also observed by Giaccone (1993) and Thibaut et al. (2005) . The slightly increased abundance of C. compressa close to urban areas could be due to reduced competition with C. amentacea.
While habitat cover changed notably along the urbanisation gradient, the biomass and morphological characteristics of the 2 species of Cystoseira did not vary as much, and we observed a high variability at small spatial scales and between times, as is common in Cystoseira spp. (Ballesteros 1988 , Pizzuto et al. 1995 . Only the length of axes of C. compressa increased towards the most urbanised shore. This could be related to possible release from competition with C. amentacea, but we cannot exclude effects of other environmental factors. Manipulative experiments involving cross-transplantation of the 2 species will be necessary to clarify the causes of these patterns.
Overall, the results of the present study suggest that while loss of Cystoseira amentacea is a good indicator of anthropogenic effects related to coastal urbanisation, C. compressa probably is not, due to its more complex responses. Biomass and morphological features of the 2 species cannot be considered good indicators due to their high variability in space and time.
Benthic understorey assemblages were significantly affected by changes in the distribution of Cystoseira species along the urbanisation gradient. Lack of any of the 2 species of Cystoseira was the factor mostly affecting assemblage structure, but there were also marked differences between the 2 Cystoseira habitats. The species Average dissimilarity = 51.67 Table 6 . SIMPER analysis on understorey benthic organisms contributing to average dissimilarity between habitats. Ab: average abundance; Dis: average dissimilarity; Dis/SD: consistency to the average dissimilarity in all pairwise comparisons of samples (values >1 indicate a high degree of consistency). Cum %: cumulative percentage contribution to dissimilarity. Cystoseira amentacea habitat = CA; C. compressa habitat = CC; habitat lacking fucoids = NC. Species abbreviations: see Table 2 that most responded to changes in habitat structure and urbanisation was Corallina elongata, a common species in the northwestern Mediterranean Sea (see also Benedetti-Cecchi & Cinelli 1992 , Benedetti-Cecchi et al. 2001 ). This species reached very high cover (> 90%) in habitats lacking fucoids at the highly urbanised shore, while at the scarcely urbanised shore it was less abundant (< 50% cover), and became nearly absent in Cystoseira amentacea habitats (< 5% cover), where it was replaced by invertebrates and lightsensitive algae. The greater diversity of understorey species under fucoid canopies, especially in C. amentacea habitats, suggests that these species may have a particularly important role in the amelioration of biological habitat (sensu Moore et al. 2007) , preventing dominance by C. elongata and offering shelter to a variety of species. Conversely, canopies of Cystoseira compressa did not seem to exert such a strong effect on understorey species and were less effective in preventing colonisation by C. elongata. Algal turfs, including those originated by C. elongata have been suggested to inhibit the recruitment of many canopy-forming algae (Kennelly 1987 , Airoldi 1998 , Connell 2005 . Although the concept of alternate stability is controversial (Scheffer et al. 2001 and references therein), turfs of corallinales and canopy algae have been proposed as alternative states in temperate reefs (Airoldi 2003 , Connell 2005 ; this study supports the hypothesis that coastal urbanisation could be a driver of shifts between canopy habitats and turfs. Science and management demand simplified representation of complex systems, but such simplification depends on correct understanding of natural history (Dayton & Sala 2001 , Dayton 2003 . The results of the present study strongly indicate that it is important to differentiate among different species of Cystoseira in ecological studies, not only because of their different responses to anthropogenic impacts, but also because they seem to have different 'engineering' effects on understorey assemblages. Therefore, species Table 8 . ANOVA on Shannon-Wiener diversity index (H'). Cystoseira amentacea habitats = CA; C. compressa habitats = CC; habitats lacking fucoids = NC. Bold: significant; *p < 0.05, **p < 0.01, ns = not significant 
